Most of the problems of iron therapy which have troubled physicians during the past half century are fundamentally traceable to our ignorance of the mechanism by which iron is absorbed from the intestinal tract. Had that mechanism been understood, the discussions centering about the relative efficacy of inorganic and organic iron preparations would not have occurred, and hematologists would not now be troubled by the clinical observation that simple ferrous salts are apparently utilized more completely for hemoglobin formation than are the complex ferric salts, such as iron and ammonium citrate (5 to 11 inc.). Adequate experimental analysis of the factors involved in iron absorption has been delayed by the lack of a method sufficiently dependable to measure immediate absorption from the intestinal tract. Investigators have been forced to utilize indirect procedures which measure: (1) the difference, in a given period of study, between the amount of iron ingested and the amount excreted in the urine and feces (12, 13) ; (2) the amount of iron which "disappears " from an isolated segment of intestine (14) ; or (3) the total increase in circulating hemoglobin resulting from the therapeutic administration of iron in various forms. From the hemoglobin increase is then calculated the percentage of iron that has been utilized (15, 16, 17) . The [5] [6] 1937 , and in part before the Sixteenth International Physiological Congress, Zurich, August [14] [15] [16] [17] [18] [19] [20] [21] 1938 . 2 The authors wvish to express their appreciation to John T. Read the iron which may be absorbed and then excreted into the colon (18) . McCance and Widdowson have, however, presented evidence which tends to show that such excretion is minimal (19) . The technical difficulties are likewise significant in that the quantities of ingested and excreted (fecal) iron are large whereas the amount actually retained by the body has been shown to be comparatively small. Under such circumstances, the probable error in the determination of the large amounts administered orally and excreted in the feces is great and the period of study must at least be an extended one if the differences obtained are to be regarded as significant. The second approach is that in which, by a process of intubation, a known amount of iron is placed in an isolated segment of intestine. After a period of time, the contents of the segment are aspirated and the difference between the quantity of iron originally added and that recovered is assumed to be the amount that has been absorbed. Groen and Taylor (20) have demonstrated, however, that the difference is largely due to iron retained because of adsorption by the mucosa, rather than to actual absorption. While the third method has certain advantages, it not only is time consuming and indirect, but has recently been challenged on the ground that much more iron is actually absorbed and retained by the body following therapeusis than is utilized for immediate hemoglobin synthesis (12, 21, 22, 23) .
If, however, iron absorption could be studied directly and immediately by measuring, the amount added to the blood stream by the resorptive process, many of the difficulties would be eliminated. This approach became possible only after it had been demonstrated that iron is transported as plasma or serum iron (2, 4) . Its use is dependent upon a knowledge of the forms and 553 relationships of iron in the blood. Iron occurs in the blood stream in three states: as hemoglobin iron, as "easily split-off" iron, and as plasma iron. The first of these is by far the largest in amount and both its chemical nature and physiological function are inseparably linked with that of the hemoglobin molecule. "Easily split-off" iron constitutes 5 to 10 per cent of the total blood iron; its physiological function and chemical nature have not definitely been defined, but Barkan and Schales (24) have presented evidence to suggest that it is derived from a "pseudo-hemoglobin," possibly an intermediate step in the breakdown of hemoglobin into bile pigment. CortisJones and Lemberg are apparently in agreement with this point of view (25) . It is entirely possible, as these authors suggest, that other iron containing pigments, degradation products of hemoglobin, are likewise present in the peripheral blood; but since these substances are closely related, physiologically at least, to Barkan's " pseudo-hemoglobin," they may be considered together with the latter as forming one type of blood iron compound. Serum or plasma iron is present in the relatively minute quantities of 50 to 180 micrograms per cent; its chemical nature is in question, but it probably is part of a complex radical, in the ferric state of ionization, in combination with serum globulin (1) ; the function of serum iron, as has been stated, is apparently that of iron transportation.
Demonstration has already been made of the facts that: (1) under basal conditions of iron intake and utilization, hourly variations in the serum iron level are comparatively slight (3); and (2) following the oral administration of a single large dose of various of the iron salts, there is a prompt rise in the serum iron fraction (2) . This increase is apparent within the first half hour, reaches its maximum in 21/2 to 5 hours, and then gradually falls to approximate the basal level by the end of 12 hours. The serum iron increase is not associated with a rise in the serum bilirubin content. Hemoglobin and " easily splitoff" iron fractions do not participate in the change ( Figure 1 ).4 By following the serum 4 Hahn, Bale, Lawrence, and Whipple (26) fed anemic dogs either ferric chloride or ferric sulphate which contained radioactive iron and noticed a prompt increase in radioactive iron, first in the plasma, and later in the red iron responses to graded amounts of orally administered iron salts, therefore, under contrasting states of gastric acidity, during varying states of hematopoietic activity, and with experimentally altered conditions of intestinal motility and absorption, it should be possible theoretically to obtain considerable information about those factors which influence and control iron absorption. The present communication presents the results of such a study.
Statement has previously been made (2) of the fact that other workers have noted the increase in serum iron which occurs when iron salts are taken by mouth. Thoenes and Aschaffenburg (27) and Heilmeyer and Pl6tner (28) made, in addition, a comparison of the rise in serum iron produced by several of the iron salts under the influence of various conditions which might alter intestinal absorption. The results of these studies will be discussed in connection with the analysis of the data accumulated in this investigation. These authors were not primarily interested in the problem of iron absorption and did not, therefore, fully apply the serum iron absorption curve technique to the study of the subject.
It must be emphasized that, since serum (transport) iron is influenced not only by the iron being absorbed from the intestinal tract, but also by that being withdrawn from, or added to, the blood stream by the organs of storage, utilization, blood cell destruction, and excretion, the variations in serum iron do not measure the actual amount of iron being absorbed. The curve of serum iron does, however, indicate the fact and the degree of absorption. This method of study, furthermore, has a decided advantage in that it permits comparison of responses in the same individual not only to different iron preparations, but also to the same salt at different periods of hematopoietic activity, and under different gastro-intestinal influences.
cells. The following statement is made (26, p. The collection of serum specimens and the technic of quantitative iron analyses were carried out in the manner previously described (1, 3) .
The role of the lymph in iron absorption Since Gaule's (29) claim that when ferric chloride was given orally to rabbits he was able to demonstrate iron by staining methods in the thoracic duct lymph, there has been considerable question as to the function of the intestinal lymph passages in iron absorption. Gaule's experiments were criticized by Miller (30) on the ground that ferric chloride is a protein precipitant and could easily cause considerable damage to the readily injured mucous membrane of the rabbit's intestinal tract. Muller repeated the experiment using ferri-oxytartaricum and failed to demonstrate any increase of iron in the lymph of the thoracic duct. These experiments were performed before chemical methods of sufficient sensitivity to permit chemical quantitation of the iron had been developed. Further credence was given to the possibility of lymph transportation by the histological experiments of Hober (31) , which tended to indicate that iron is resorbed intra-epithelially along with lipoid substances, whereas lipoid insoluble material seemed to be absorbed inter-epithelially. This conception of iron absorption as a function of living epithelial cells is compatible with Lintzel's (32), Fontes and Thivolle's (33) and Hahn's et al. (26) belief that the body is capable of selective absorption of iron 555 -that is, of assimilating or rejecting it according to the needs at any given time.
In order to study this problem further, both the blood serum and the thoracic duct lymph iron were followed in a number of dogs after the giving of moderately large doses of iron by stomach tube. The dogs were prepared for experiment by being fasted for 18 hours. They were then fed a meal which consisted of one-half pound of lard and a small amount of ground beef muscle. Four to 5 hours later, the animals were anesthetized by intra-peritoneal injection of nembutal. The thoracic duct was isolated and cannulated. " Fasting" lymph and serum specimens were obtained and the iron salt, dissolved in 100 cc. of water, was permitted to run into the stomach through an ordinary lavage tube. All of the lymph was collected into 50 cc. paraffined centrifuge tubes; the samples were pooled for each successive 30-or 60-minute period and centrifugalized to rid them of any red cells present. Serum specimens were collected at hourly intervals from blood obtained by femoral arterial puncture. Since observations were continued for 6 to 10 hours or more, and since considerable fluid was withdrawn from each animal, as blood and lymph, subcutaneous injections of 100 cc. saline were made throughout the course of the experiment at intervals of 1½2 to lHours Of Ob5ervation hematocrit determinations, total cell counts, and hemoglobin estimations were likewise made. That the iron level in both serum and lymph was relatively constant under the conditions of " ironfasting " obtained in these animals with an undisturbed hematopoietic equilibrium, is indicated in the representative data presented in Figure 2 . These results of 1 experiment in which 2 grams of ferrous sulphate were given are tabulated in Figure 3 . The serum iron slowly increased to approximately twice its basal level, remained at that comparatively high figure for several hours, and then began to fall slightly by the time the experiment was terminated. The rise of iron in the lymph, however, was not nearly as great, and occurred much more slowly. It is interesting to note that the total amount of lymph collected in the 6 hours of observation was only 161 cc. and that the total increase of iron in the whole of that volume was not as great as the increase in 100 cc. of serum at the height of the serum iron absorption curve.
The delayed increase in lymph iron is not difficult to explain since lymph drains the intercellular fluid and the latter is supplied, in part at least, from the blood stream. It is natural, then, to expect that a rise in serum iron would be reflected by a rise of that metal in the lymph. Experimental confirmation of that postulate was obNwmbutal niae5thesia.. 1 When colloidal ferric hydroxide was used, however, the immediate rise was comparatively small and the rate of disappearance rapid enough to be complete within 10 to 15 minutes. This result is not surprising since it has been known for a long time that colloidal ferric hydroxide is taken up by the reticulo-endothelial cells (36, 37) . In a number of animals, the fall in serum iron following the administration of comparable amounts of soluble ferrous and ferric iron to the same animal was followed ( Figure 6 ). In each instance, irrespective of whether simple or combined salts were used, the height to which the serum iron values rose was less with the ferrous salts than with the ferric. The explanation for this phenomenon is not clear, since Starkenstein and Harvalik (38) have shown that ferrous iron is almost immediately oxidized to the ferric state on contact with whole blood.
Height of serum iron response compared tvith amount of iron administered *The most obvious objection to the use of the serum iron increase as an index of intestinal absorption of iron is that iron is a protein precipitant and for that reason may cause enough injury to the intestinal mucosa to permit a portion of the large amounts administered to pass through into the blood stream. In order to test the validity of this objection, and to establish at the same time the size of the dose that could best be used for future comparisons, several observations were performed on the relationship between the height of the serum iron increase and the size of the iron dose. In one such instance, the subject being a young male with normal gastric acidity, single doses of ferric sodium citrate were given on each of 4 different observation days in quantities that supplied successively 2. thereafter. This routine of blood collection was followed for all the studies made on human patients except that the 12-hour specimen was occasionally omitted. The response to 2.7 mgm.
of iron per kilo was approxmately one-half the response to 5.4 mgm., and one-third of that to 8.1 mgm. per kilo. With the largest dose, 10.7 mgm. per kilo, considerable abdominal discomfort was experienced and a diarrhea developed within a few hours. It is interesting to note that the maximum increase above the initial level folF. along the absorbing portion of the small intestine at a rate that was too rapid to permit of optimum absorption.
A similar set of observations is tabulated in Figure 8 . The subject was again a young male with normal gastric acidity and undisturbed erythropoiesis. He was given successively 2, 4, and 6 mgm. of iron per kilogram of body weight as ferric ammonium sulphate on each of 3 days, and comparable dosages of ferrous ammonium sulphate on 3 additional days. With both valence forms, the response to the 4 mgm. per kilo dose was approximately twice that to half the amount. The largest dose of iron, however, again caused considerable gastric distress and abdominal cramps, and again the serum iron increase was not directly proportional to the quantity given. The rise in serum iron following any given iron administration, therefore, is apparently roughly proportional to the amount of the metal administered, up to that point at which the intestinal irritation becomes great enough to alter motility and to interfere with the absorptive process.
Relative constancy of serum iron rise produced by ingestion of identical amounts of ferrous sulphate in the same subject As another control of the applicability of this method to the study of iron absorption, it was necessary to determine how constant the serum iron increase produced by a given dose of iron might be in any particular subject. The individuals who volunteered for this study were afebrile and in apparent hematologic equilibrium. Ferrous sulphate was arbitrarily chosen as the salt to be used and was given in identical amounts on each of 3 or 4 different observation days. The absorption curves produced closely paralleled each other in every subject (Figures 9, 10 (27) . These results suggest that ease of ionization of the ferrous salts, under those conditions of acidity or alkalinity which prevail in the gastro-intestinal tract, is the important factor in determining their relative rates of absorption. The nature of the anion, except as it influences this factor, would seem to be relatively unimportant.
Comparison of serum iron absorption curves produced by comparable amounts of ferrous and ferric salts of the same anion There is an increasing volume of experimental evidence which tends to indicate that iron is absorbed from the upper portion of the small intestine as ferrous iron (32, 34b, 41, 42) . That the evidence is not entirely convincing is indicated by recently expressed dissenting views (15, 18, 22 (Figures 11, 15, 16, 21) . The data charted in Figure 12 Figure 8 ; another is recorded in Figure 17 . Of particular interest in this respect are the observations on N. J. T., a white male, 49 years of age, who had a histamine refractory achlorhydria ( Figure 13 Heilmeyer (43) , who thereupon introduced ferrous cevitamate as a useful form of bivalent iron for therapeutic use. It is reasonable to postulate that, in the case of ferrous salts, cevitamic acid and sodium formaldehyde sulphoxylate aid in preventing partial conversion to the ferric state; and, in the case of ferric salts, aid the reducing mechanisms of the small intestine to make reduction more complete.
When the relatively insoluble ferric phosphate was given by mouth, no increase in serum iron occurred ( Figure 14) . It has already been indicated that the same was true for ferrous phosphate.
These results add confirmatory data to the mass of experimental and clinical evidence already accumulated which indicates that iron is absorbed from the intestinal tract more readily, if not entirely, in the bivalent state. Serum iron absorption curves were higher as a rule following the ingestion of ferrous salts than of ferric. Frequently, the latter failed to cause any detectable rise in the serum iron fraction whatever. This decreased effectiveness of the ferric salts is in accord with the idea that highly ionized ferric compounds are changed rapidly in the neutral or alkaline medium of the upper small intestines (44) into insoluble ferric hydroxide and other insoluble or non-diffusible ferric compounds (45, 46, 47) . Certain reducing substances, notably cevitamic acid and sodium formaldehyde sulphoxylate, when given orally along with iron, increased the height of the serum iron curves as produced either by ferrous or ferric iron. This suggests that in those instances in which ferric salts caused an appreciable increase in serum iron, the reducing mechanisms in the small intestine were efficient enough to effect a reduction to the ferrous state before great quantities of the ingested compound had been converted to non-ionizable forms, and hence removed from availability to Effect of gastric acidity on the serum iron responses to orally administered ferrous and ferric salts While it is generally admitted that normal gastric acidity is necessary for optimal assimilation of food iron (32, 41, 42, 48, 49, 50) , there is some dispute as to its effect upon the absorption of metallic iron salts in therapeutic doses. Mettier and Minot (51) obtained a greater reticulocyte peak when ferric ammonium citrate was given to patients with a hypochromic anemia in an acid-buffered solution than when given in an alkali-buffered medium. The observation was confirmed by Heath (17) and by Minot of Halvorsen and Starkey who, working with pure solutions of iron, noted that at a pH above 5.0 only small concentrations of ferrous, and still smaller concentrations of ferric, iron are present in solution (45) . It has been emphasized that the normal acidity of the stomach and duodenal contents is favorable to the formation and preservation of ferrous ions in solution and delays the change into insoluble or undissociated, particularly ferric, compounds (32, 41, 42, 46, 47) . Nevertheless, good hematologic responses are constantly observed following iron therapy for hypochromic anemia in individuals with complete anacidity; and Barer and Fowler (50) obtained as much retention of iron, when the intake was high, in patients with an achlorhydria as in those with normal gastric acidity.
The problem has already been studied in part with the serum iron absorption curve technic by Heilmeyer and Pl6tner (28a). These workers noted that when 1 gram of reduced iron was given orally, practically no increase in serum iron occurred in patients with achylia gastrica while an appreciable rise was observed in normal subjects. Our investigations have, for the most part, yielded negative findings. The height of the absorption curves produced by the ingestion of ferrous salts was usually as great in individuals with achlorhydria as in those with normal gastric acidity ( Figures 11, 13) ; occasionally, a smaller rise was obtained ( Figure 16 ). As with normal subjects, ferric salts produced significant serum iron increases in rare instances when achlorhydria was present (Figures 13, 17 ). Addition of 100 cc. of 0.1 N HCl to the iron just before its administration failed to increase the height of the absorption curve ( Figure 17 in subjects with achlorhydria ( Figure 16 ) just as in patients with normal acidity. The effects with ferric salts were occasionally less dramatic ( Figure 16 ). Attention is called to the fact that the amounts of iron used in these tests were relatively large. The apparent discrepancy between our results and those of Heilmeyer and Pl6tner can readily be explained. These latter workers used reduced iron, a form which must be dissolved and ionized in the gastro-intestinal tract before it can be absorbed. Free hydrochloric acid in the gastric contents undoubtedly aids that process. In this respect, the r6le which gastric acidity plays is similar to that for food iron. We, on the other hand, used highly ionized water soluble salts. The effect of gastric acidity on these preparations is apparently to delay the formation of insoluble compounds (at a pH above 5) until they are brought into contact with the reducing forces of the small intestine. The salts we used, however, were not only acid in reaction but were used in such comparatively large amounts that they almost certainly reached the small intestine before neutralization had taken place. For this reason Effect of various miscellaneous substances on the height of serum iron absorption curves It has been suggested in the recent literature that a number of substances have, in the presence of iron, an additive effect upon hemoglobin production. Patek and Minot (54) described reticulocyte responses to the oral administration of bile pigment following a period of iron medication in patients with hypochromic microcytic anemia. A similar effectiveness for chlorophyll and some of its derivatives was demonstrated by Patek (55) . These observations were inter-0-4109 WW c', Aged 30 yeaif.
preted as suggesting that the body can use preformed pyrrol compounds for the building of hemoglobin; no evidence was obtained to indicate that these substances augmented iron absorption. To test that possibility bile pigment,5 chlorophyll, and sodium chlorophyllin were given orally along with ferrous sulphate or ferric sodium citrate to several individuals, and the serum iron curves followed. No increase was noted in the height of the curves over that produced by the same amount of the iron alone (Figures 17,  18, 19 (56) . They concluded that: " it appears likely that the liver fraction contains reticulocytogenic material apart from its iron content," and considered it "conceivable that this liver fraction may improve the absorption or utilization of iron." We obtained, as had Barker and Miller, the liver fraction Number 55 without added iron from Eli Lilly and Company, and gave 10 grams of it by mouth with ferrous sulphate to several patients. The rise in serum iron produced by this joint administration was no greater than that which occurred following the ingestion of the iron salt alone (Figures 18, 19) . Heath, Minot, Pohle, and Alstead found that when iron in small doses was administered with relatively large amounts of mucin to cases of chronic hypochromic anemia, its absorption from the intestine was inhibited (57 (Figure 18 ), a fact which confirms the prophesy made by Heath and his coworkers.
The effect of food on the absorption curve of ferrous sulphate was studied in 5 subjects, all of whom had satisfactory serum iron increases when the salt was given after an 18-hour fast. A breakfast of cereal and cream, 2 eggs, 2 strips of bacon, 2 pieces of toast, 1 glass of milk, and 1 cup of coffee was given either immediately before, or immediately after, the ingestion of iron. Two patients, one with normal gastric acidity and the other with a histamine refractory achlorhydria, developed no significant increase in serum iron over the basal level. Two individuals, both with achlorhydria, had a distinct rise in serum ironbut not to the same degree as had occurred following ferrous sulphate alone. The fifth subject, a male with normal gastric acidity, had as great an increase with the food as without it. The reason for this variation in results is not clear. It made no difference whether the breakfast was eaten immediately before, or after, the iron was taken. It may be that in the presence of food, conditions are ripe in the gastro-intestinal tract for the formation of insoluble and undissociable iron compounds. The conclusion is justified that in some individuals, at least, food interferes with the optimal absorption of iron.
Analysis of the question of selective intestinal absorption of iron Statement has already been made of the fact that Hober (31) , Lintzel (32) , and Fontes and Thivolle (33) consider the body capable of assimilating or rejecting iron by a process of se-lective intestinal absorption. In the presence of an iron deficiency, therefore, more iron should be absorbed than under normal circumstances. Heilmeyer recently studied the serum iron absorption curves produced following the ingestion of 1 gram of ferrum reductum in 2 cases of chronic hypochromic anemia before and after therapy (58) . Both of his patients secreted adequate amounts of free hydrochloric acid after an alcohol test meal. In each instance, there was very little evidence of absorption before therapy was begun; while, after an iron induced remission had been produced, the serum iron increases were large. In contrast to these results are those recently reported by Hahn and his associates (26) . These latter investigators fed ferric chloride or ferric sulphate containing iron in a radioactive form to normal dogs and to dogs with an iron deficiency. They concluded from increases in serum, organ, and whole blood iron that: " iron is absorbed only in traces by the non-anemic dog but in abundance by the anemic dog depleted of its iron " (26, page 2285).
We have studied several individuals in a similar manner and have obtained divergent results. The serum iron increases which followed the oral administration of ferrous sulphate were determined in these patients with hypochromic, microcytic anemias both before and after therapy. One type of response is illustrated by the data obtained on G.W., an adult male with normal gastric acidity (Figure 9 ). When the iron deficiency was marked, an increase in serum iron fr-om 0.02 mgm. per cent to approximately 0.30 mgm. per cent occurred; after a prolonged period of iron medication, the rise was only from 0.103 mgm. per cent to 0.213 mgm. per cent. This finding is in accord with that noted by Hahn and his coworkers. However, there was an occasional patient who showed similar serum iron increases throughout the whole course of the disease. One of these individuals was a young girl who had developed her state of iron deficiency as a result of excessive uterine bleeding secondary to essential thrombocytopenic purpura (Figure 20) . Her uterine bleeding was successfully controlled during the period of study by the use of " antuitrin-S." Iron was given in therapeutic amounts and the hypochromia of her red blood cells corrected before splenectomy was performed. Ab- (1) before therapy, (2) one week after iron medication was begun, (3) after the mean corpuscular hemoglobin concentration of the erythrocytes had returned to the normal range, and (4) near the end of the convalescent period following splenectomy. The increases above the basal level were essentially the same at all 4 times. It is difficult to correlate this type of result with the selective absorption hypothesis unless it is assumed that, during the iron deficiency periods of study, the iron absorbed into the serum is removed at an abnormally rapid rate by the iron-hungry organs of storage and utilization. In the second paper of this series (2, page 630), it was pointed out that 3 patients had failed to show serum iron increases following orally administered amounts of iron that were considerably in excess of the quantities used in the present study. " All three of these patients were acutely ill at the time the observations were made. Any reason otherwise for their failure to respond . . .is not at present apparent." A re-analysis of the data from these 3 individuals reveals that the first 2 had myelophthisic anemias with marked hypoplasia of the erythrocytogenic elements in the bone marrow; the third had pernicious anemia. In all 3 the basal serum iron values were high, and in all 3 the iron storage depots were probably well supplied. This suggested that perhaps we were dealing in these instances with other examples of selective iron absorption, and that the serum iron values failed to show an increase because the intestinal mucosa was functioning by rejecting the iron. In order to test this possibility further, serum iron absorption curves were followed in 5 other patients with addisonian pernicious anemia both before therapy and after liver induced remissions. Either ferrous chloride or ferrous sulphate was selected for administration. The data presented in Figure illustrative of the findings obtained in all cases: no serum iron increases occurred during the relapse phases of the disease; but after the peripheral blood level of erythrocytes and hemoglobin had been raised to normal with liver extract, striking increases were noted. On one of the patients, N.J.T., a 49-year-old white male, 3 sets of observations were made ( Figure 22 ): (1) before therapy, (2) at the height of the reticulocyte response to liver medication, and (3) after remission was complete. It is interesting to observe that at the time of the reticulocyte response the serum iron curve rose practically as much as at the time of the final period. A similar study was made on Patient R.R., a white woman in late middle life who had the classical manifestations of the disease (Figure 23 ). This patient is of particular interest since the reticulocytosis which occurred was induced by the ingestion of large amounts of unautolyzed yeast, a regime that was undertaken to confirm the report of Wintrobe (59) . The second observation on this patient was made at the time of the upswing in the reticulocyte curve; the serum iron rise was definite, but less than that which occurred several days later after the peak of the reticulocytosis. Two subsequent increases after further therapy agreed to the same amount of soluble iron salts than do normal individuals, and (2) patients with pernicious anemia in relapse fail to show any response of the serum iron fraction to orally administered iron salts during relapse but have good increases after specific therapy has been instituted. These facts are compatible with the concept of selective intestinal absorption of iron, but offer no conclusive proof that the intestine actually possesses that ability. (19) , Hahn (18) , and Heath and Patek (11) . The present investigation directs attention to the fact that, since serum iron has been demonstrated to be transport iron (2, 4, 28b) , a new objective approach to the study 576 of iron resorption from the gastro-intestinal tract is available in the measurement of serum (transport) iron increases following the oral administration of iron in various forms. It has been emphasized that serum iron is influenced by a number of physiological factors, some of which affect its removal from the blood stream. The method, therefore, does not measure the total amount of absorption, but rather the fact and the degree of absorption. It is applicable to the comparative study of serum iron responses in the same individual to different forms of iron under varying gastro-intestinal conditions, and in contrasting states of hematopoietic activity. With its use we have demonstrated that:
1. Absorption of iron from the gastro-intestinal tract was reflected directly by an increase in serum iron and not through an intermediate rise in the iron of the thoracic duct lymph.
2. The disappearance of intravenously injected soluble iron salts from the blood stream occurred slowly during a period of hours.
3. The height of the serum iron increase following the ingestion of iron was directly proportional to the quantity given up to that point at which intestinal irritation was great enough to interfere materially with intestinal motility. 4 . When identical amounts of ferrous sulphate were given to any subject in hematologic equilibrium, the serum iron curves produced closely paralleled each other.
5. Water soluble, highly ionized ferrous salts produced comparable increases in serum iron values when given in proportionate amounts to patients with either an achlorhydria or normal gastric acidity. These findings suggest that the ease of ionization of ferrous salts, under those conditions of acidity or alkalinity present in the gastro-intestinal tract, is the important factor in determining their relative rates of absorption.
The nature of the anion, except as it influences this factor, would seem to be relatively unimportant.
6. In the majority of instances, the serum iron absorption curves were higher following the ingestion of ferrous than of ferric salts. When ferric salts were given to subjects along with relatively large amounts of either cevitamic acid or sodium formaldehyde sulphoxylate, the serum iron responses were uniformly as good as those produced by ferrous salts of the same anion. These two reducing agents were likewise frequently capable of increasing the rise obtained following the ingestion of ferrous preparations. These findings are presented as additional evidence for the conviction that iron is absorbed largely, if not entirely, in the ferrous form.
7. Differences in gastric acidity exerted no measurable effect on the serum iron absorption curves following the oral administration of ferrous or ferric salts. It is suggested, however, that such large amounts of the various iron salts were used that their own acidity was sufficiently great to overcome the effect of naturally occurring hypochlorhydria in delaying the formation of insoluble and undissociated iron compounds which may occur above pH 5.
8. No increases in serum iron were obtained following administration of the insoluble ferrous and ferric phosphate.
9. When subjects were permitted to take food just prior to, or immediately following, the ingestion of iron salts there was observed frequently, but not constantly, a smaller rise in the serum iron than occurred under fasting conditions. 10. Bile pigment, chlorophyll and its derivatives, the secondary anemia liver fraction, and gastric mucin, under the conditions of these experiments, failed to alter the height or character of the serum iron absorption curves produced by ferrous sulphate.
11. Patients with an iron deficiency anemia frequently showed evidence of greater absorption of iron before therapy than after they had been adequately treated. On the other hand, patients with addisonian pernicious anemia in relapse showed no demonstrable increase in their already higher than normal serum iron values when ferrous salts were given orally; following a liver induced remission, however, normal absorption curves were readily obtained. These observations are compatible with the hypothesis that the intestinal mucosa may, under certain circumstances and within certain limits, assimilate or reject iron according to the body's need. They do not, however, constitute conclusive evidence for this hypothesis. From the data available in the literature and that which this communication presents, the following picture of iron absorption may tentatively be constructed. When ingested iron reaches the stomach, it is subjected to the influences of the prevailing acidity. The free hydrochloric acid normally present apparently has two functions:
(1) to ionize and dissolve iron not already present in solution nor in an ionized state; and (2) to delay the formation of insoluble and undissociated iron compounds. Since these form at a pH above 5.0, the change to them would tend to occur to some degree, at least, in the stomachs of patients with achlorhydria. When the iron is delivered to the duodenum, it is subjected to two influences: the alkaline intestinal juices and certain reducing agents. The latter tend to reduce any trivalent iron to the ferrous form before the change to non-ionizable salts has occurred. Iron is absorbed from the intestinal tract largely, if not entirely, as ferrous iron. The degree to which ferric salts are assimilated would seem to depend upon the capacity of the intestinal contents to reduce them. It is the consensus of opinion that absorption takes place largely in the upper portion of the small intestine. When iron is absorbed, it passes directly into the blood plasma and is not to any extent collected by the intestinal lymph channels. As more data are accumulated, this working hypothesis based on information now available will undoubtedly be altered and enlarged.
